The present research focuses on investigating the relationship between spectral and chemical characteristics of water samples in Darrehzar mine. In order to reach this aim, the chemical characteristics of water were measured through pH, electrical conductivity (EC) and inductively coupled plasma mass spectrometry (ICP-MS) analysis. Furthermore, the visible near infrared (VNIR) and shortwave infrared (SWIR) spectra of water samples were measured by Analytical Spectral Devices (ASD) FieldSpec 3 spectroradiometer and the relationships between spectral and chemical characteristics of water samples were calculated. Results of the pH and EC measurements showed that water with high acidity and EC values, which indicate the presence of acid drainage, was located inside the mine. High concentrations of copper, sulfur and iron in the samples could be related to copper mineralization and association with acid mine drainage. Results of spectroscopy revealed that second absorption feature (AF2) magnitude correlated significantly with pH (À0.599), EC (0.611) (p < 0.1) and total trace elements plus sulfur (0.822) (p < 0.05). The significant correlation of the AF2 magnitude with concentrations of S (0.854), Pb (0.914), Ni (0.836), Mn (0.834), Co (0.848) and AF3 with the concentration of Fe (0.886) confirms that absorption feature magnitude increases with increasing metals concentrations in water.
INTRODUCTION
Water is a strongly reactive material which can dissolve elements and objects when it moves through porous media. The solubility of minerals increases in mining areas due to the fractures. Fractured surfaces provide more exposed surface and that, in turn, causes more chemical reactions between the water and the minerals. In sulphidic mines, oxidation and dissolution of sulphide minerals such as pyrite, chalcopyrite and sphalerite raises the hydrogen and sulphates in the water. As a result, water acidification occurs, water acidity increases and pH of water reduces (Blahwar ; Gyuris et al. ) . Acidic water enables the dissolution of heavy metals so that with the rise in acidity, the sulphates and metals concentrations will be increased in the water.
An assessment of acidity values and environmental degradation was carried out in the Witwatersrand basin (South Africa) and Caveira abandoned mine (Southern Portugal) through temperature, H þ activity (pH), oxidation-reduction potential (Eh), electrical conductivity (EC), inductively coupled plasma (ICP) and ion chromatography (IC) measurements (Tutu et al. ; Ferreira da Silva et al. ) . Furthermore, geochemical studies were performed in the stream water, stream soil and stream sediments of Darrehzar mine, Iran, using pH, Eh, EC, atomic absorption spectroscopy (AAS) and inductively coupled plasma mass spectrometry (ICP-MS) in order to identify acid mine drainage pollution and determine trace metals and rare earth elements (Moor et al. ; Soltani et al. ) .
Spectroscopy, which is one of the applicable methods in identification of ground materials, benefits from different parts of the electromagnetic (EM) spectrum in material detection (van der Meer & de Jong ). Since water plays an important role in nature, water spectroscopy studies should be a priority in research (Yamanouchi & Tanaka ; Buiteveld et al. ) . A number of water studies focus on laboratory and mathematical studies for determining the relationship between spectral absorption of water with temperature and salt dependencies in the ultraviolet, visible and infrared portions of the EM spectrum (Sullivan et al. ; Wang ) .
The spectral studies in the mining areas related to acid mine drainage (AMD) have been focused on reflectance spectral characterization of iron-oxide and sulphate minerals through field spectrometry and hyperspectral data (Anderson & Robbins ; Shi et al. ) . In addition, some studies focused on investigation of heavy metal concentration in deposits and vegetations of mining areas (Choe et al. ; Li et al. ; Khalili et al. ) . Mapping of heavy metal pollution in stream sediments using field spectroscopy revealed that variations in the spectral absorption features were linked to actual concentrations of heavy metals. So that, heavy metals concentrations in minerals increase the depth of absorption features in the visible part (around 500 nm) and decrease the absorption depth in the shortwave infrared (SWIR) region (around 2,200 nm, where it is related to the OH bound in minerals) (Choe et al. ) . Heavy metals accumulation in vegetation can also cause some effects such as an increase in the spectral reflectance, the occurrence of spectral shape blue-shift, increase in the red edge slope, decrease in the chlorophyll and water absorption depth, occurrence of the water absorption red-shift and change in the spectral profiles in the visible and near infrared portions (Li et al. ; Khalili et al. ) .
Although spectral studies have been carried out for determination of the relationship between water absorption features with temperature and salinity of water as well as heavy metal levels in minerals and vegetation, the influence of heavy metals and pH in the spectral properties of water in mining areas has not been investigated yet. While increasing heavy metals can cause environmental pollutants and affect human health, applying these kinds of studies could be significant. Hence, in the present study, the chemical properties of water in Darrehzar mine, such as trace elements plus sulfur concentrations, pH and EC as well as spectral features of water samples, were measured in order to investigate the relationship between the spectral characteristics in the visible-infrared portion and the chemical composition of the water.
Study area
Darrehzar porphyry copper mine is located about 10 km south of the well-known Sarcheshmeh porphyry copper mine in Kerman province, south east of Iran ( Figure 1) . The area has a moderate climate, with a temperature range between À15 C (winter) and þ33 C (summer), and annual precipitation from 300 to 500 mm. Darrehzar river, with N-S direction, intersected the mine into west and east parts. The river was permanent in the past with a discharge rate of about 7 m 3 /s at the end of winter and in the first days of spring. However, as a result of recent droughts, this river 
MATERIALS AND METHODS
Since normally different metal concentrations were found in winter and summer seasons (Ferreira da Silva et al. ), water samples were collected from Darrehzar mine during two periods of field reconnaissance in the winter and summer of 2016 in the present research. Eight water samples were collected from different parts of the mine, including: influx water to the mine (sample from a surface water river named Da31), near influx water to the mine (sample from a surface water river named Da22, Da29 and Da 30), groundwater in a piezometer well in the mine (Da32), a surface water lake in the eastern part of the mine (Da23-1), a surface water pit lake in the western part of the mine (Da20-1), and discharging water from the mine (sample from surface water river named Da24) in the winter season (first field reconnaissance). However, in the summer season (second field reconnaissance) influx and discharging waters of the mine had dried up and the water table in the piezometer well had fallen, so only two water samples were collected including the surface water lake in the eastern part of the mine (Da23-2) and the surface water pit lake in the western part of the mine (Da20-2) ( Table 1) . Two samples were taken from each sampling point simultaneously. One was collected for EC, pH and spectroscopy analysis and the other, which was acidified to pH < 2 with nitric acid (HNO 3 ), for measuring elements concentrations.
Water samples were collected in polyethylene bottles and their temperatures were recorded onsite. The collected water samples were transferred to Graduate University of Advanced Technology laboratory for EC, pH and spectroscopy measurements. The pH and EC of water samples were measured by Metrohm 827 laboratory pH meter and Metrohm 712 Conductometer EC meter. The spectroscopy analyses of the samples were conducted by ASD (Analytical Spectral Devices) FieldSpec ®3 . Trace element concentrations of acidic water samples were determined by ICP-MS using an Agilent series 4500 instrument. These samples were gathered from different parts of the mine including the surface water lake in the eastern part of the mine (Da23-1 and Da 23-2), the surface water pit lake in the western part of the mine (Da20-1 and Da20-2), the influx surface water river to the mine (Da31) and the discharge surface water river from the mine (Da24). The elements' concentrations and pH values were compared with standard values of drinking and natural mineral waters. In order to compare EC with standard values, first EC was converted to total dissolved solids (TDS) by multiplying by an 
In this equation, αi is absorption feature analysis, si is absorption feature signature, wp is the wavelength of the maximum reflectance point before the absorption feature and wq is the wavelength of the maximum reflectance point after the absorption feature (Rueda & Wrona ) .
The relationship between pH, EC and trace elements and sulfur concentrations (Al, As, Cd, Co, Cu, Fe, Mn, Mo, Ni, Pb, S, Sb and Zn) of water samples with absorption features analysis were determined through the regression coefficient (R) and the significance threshold value were defined at 0.01, 0.05 and 0.1. The flowchart of the study procedure is shown in Figure 2 .
RESULTS AND DISCUSSION

Chemical properties
Results of chemical parameters of water samples showed that samples from the surface water lake in the eastern part of the mine (Da23-1 and Da23-2) and surface water pit lake in the western part of the mine (Da20-1 and Da20-2) are characterized by low pH and high EC. The reason could be attributed to the situation of these samples which correspond to the phyllic alteration zone. Actually, this zone contains more than 10% pyrite and pyrite oxidation generates acid mine drainage (Costello ; Moor et al. ) . Comparison of these samples (Da23-1, Da23-2, Da20-1 and Da20-2) with the maximum contaminant level (MCL) for drinking water introduced by institute of standards and industrial research of Iran (ISIRI) revealed that the pH values of the samples were less than the pH of MCL; however, the TDS values were determined between the admissible limit (1,000 mg/l) and MCL (1,500 mg/l) (ISIRI  ). Moreover, pH levels of water in both places have reduced while EC and TDS have increased from winter to summer at these locations due to the heat and evaporation in summer which reduce the water content at the area. The TDS values of water samples from groundwater in piezometer well in the mine (Da32) and surface water river in the bottom of the piezometer well in the mine (Da30) were also between the admissible limit (1,000 mg/l) and MCL (1,500 mg/l) of standard TDS (ISIRI  ) ( Table 2 ).
In addition, elements such as; Al, As, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, S, Sb and Zn were analyzed using ICP-MS.
Result of ICP-MS shows that Al, Cu, Fe, Mn, S and Zn (mg/l) concentrations were higher than other elements (Figure 3 ). S, Cu and Al occupy the most levels, which can be attributed to the association with sulfuric copper mineralization and aluminium bearing minerals such as plagioclase crystals in the quartz monzonitic body (Darrehzar porphyry) (Soltani et al. ; Ravankhah et al. ) . High concentration of Fe and Mn may have derived from pyrite oxidation and high Fe and S values in water samples probably referred to the presence of acidic mine drainage. The analysis revealed that trace elements such as Al, Fe, Mn and S are significantly enriched in acid water and vary seasonally, increasing from winter to summer in the mine. This situation was also observed in the study implemented by Ferreira da Silva et al. () . Furthermore, the concentration of the elements (except Mo) in acidic water in the inside of the mine including the surface water lake in the eastern part of the mine (Da23) and the surface water pit lake in the western part of the mine (Da20) were much more than neutral water from the influx and discharging water of the mine. This can arise from the fact that Mo In addition, higher concentrations of Al, As, Cd, Co, Cu, Mn, S, Ni and Zn were observed in water samples from the surface water lake in the eastern part of the mine. While the highest concentrations of Fe, Mo, Pb and Sb were observed in surface water samples from the pit lake in the western part of the mine especially in the summer (Figure 3) . The values of Mn, Co and Ni from the surface water lake (pH ¼ 4.28 in winter and 3.18 in summer) are more than the values for these elements in the surface water pit lake (pH ¼ 3.48 in winter and 2.75 in summer), while the Fe concentration was higher in the surface water pit lake. This can be attributed to the geochemical behavior of these elements so that Fe precipitates at lower Figure 3 ). There is no MCL level defined for cadmium (Cd) and sulfur (S) by WHO, Codex Standard and ISIRI for drinking and natural mineral water.
Absorption features
Spectral measurements were carried out for all of the samples as well as drinking water (Figure 4) . Results of spectroscopy showed that the water spectra were similar, with negligible differences. The magnitude of three absorption features at 650, 975 and 1,165 nm, which were indicated by AF1, AF2 and AF3 respectively, were determined using Equation (1) ( Figure 5 ). Result of absorption feature analysis illustrated that drinking water contains higher values of absorption magnitudes than Darrehzar water samples at all absorption features except the second absorption feature of Da23-2. In addition, Figure 5 | Result of absorption feature analysis (AFA) in water spectra (Da20-1 and Da20-2: Surface water pit lake in the western part of the mine; Da22: Surface water river in the mine site; Da23-1 and Da23-2: Surface water lake in the eastern part of the mine; Da24: Surface water river in the mine site (downstream); Da29: Surface water river in the mine site;
Da30: Surface water river in the mine site; Da31: Surface water river in the mine site (upstream); Da32: groundwater (piezometer well) in the mine).
comparison of the results revealed that the influx water to the mine (Da31) contains the lowest values and this sample had the lowest levels of EC and dissolved metal as well ( Figure 5 and Table 2 ). The amount of absorption magnitude for the third absorption feature for all samples is more than the two other absorption features. The second absorption feature's magnitudes of acidic water (Da20-1, Da20-2, Da23-1 and Da23-2), water with colloids (Da32) and surface water river in the upstream (Da31) are bigger than the first absorption feature's magnitudes, and vice versa for other water samples (Da22, Da24, Da29 and Da30) ( Figure 5 ). The samples with higher EC such as Da20-2, Da23-2 and Da32 presented more differences between the first and second absorption features. However, it is not accurate for Da30 (high EC and low difference) and Da31 (low EC and high difference). This shows that besides EC, other processes such as the presence of elements and colloids could be influences on the spectral characteristics.
Furthermore, comparison of spectra in Figure 4 showed that the absorption value is reduced in the spectra of acidic water such as Da20 and Da23 and they represent a small reflectance at 548 and 518 nm, respectively (Figure 6(a) ). This is probably associated with dissolved particles e.g. Cubearing compositions in water samples. Referring to the field studies and the ICP results, the presence of chalcanthite (CuSO 4 .5H 2 O) and high content of Cu and S in Figure 6 | (a) Spectra of acidic water and their small reflectances at 548 and 518 nm; (b) presence of chalcanthite in surface water lake in the eastern part of the mine (Da23); (c) presence of chalcanthite in surface water pit lake in the western part of the mine (Da20); (d) a broad small reflectance in 546-525 nm of Da32 spectrum (reflectance is located by circle); (e) the piezometer well and FeOH sediments in its stream. the site of acidic water (surface water lake in the eastern part and surface water pit lake in the western part of the mine), reflecting the fact that CuSO 4 particles are in a dissolved state in the water (Figures 3, 6(b) and 6(c)). In addition, a broad small reflectance is seen at 546-525 nm in the spectra of Da32, which have been taken from the piezometer well in the mine (Figure 6(d) ). Fe-bearing precipitations downstream from the piezometer well probably reflected the presence of colloids in the water and created the reflectance (Figure 6(e) ). Furthermore, the first absorption feature value for acidic water and the water of the piezometer well with colloids was less than the first absorption feature of other samples. Table 3 presents the regression (R 2 ), the equation for calculating regression, and correlation (R) between the magnitudes of absorption features with EC and pH parameters. The first absorption feature correlates positively with pH (0.462) and negatively with EC (À0.425) and vice versa for both the second and third absorption features (Table 3 ). The second absorption feature displays a significant correlation with pH (À0.599) and EC (0.611) (p < 0.1). This region (975 nm) corresponds with the results of Estifanos (), which determined the absorption features related to pH and EC in 852-1,036 nm.
Relationship between absorption features and chemical properties
Total element concentrations (Al, As, Cd, Co, Cu, Fe, Mn, Mo, Ni, Pb, S, Sb and Zn) show a negative correlation with the first absorption feature and a positive correlation with both the second and the third absorption features (Figure 7) . The second absorption feature correlated significantly with total elements (R ¼ 0.822; p < 0.05) (Figure 7(b) ). Regressions between total elements with pH and EC were also computed and show significant relationship (R ¼ 0.94 for pH and R ¼ 0.93 for EC) (p < 0.01) (Table 3) . It referred that pH and EC parameters can influence trace elements' solution. Thus, dissolved metal concentration rises in water while an increase in EC and a decrease of pH occurs, which was confirmed by Anderson (), Tutu et al. () and Soltani et al. () .
There is a significant correlation between the second absorption feature and Co, Mn, Ni, Pb and S (p < 0.05) (Figure 8 ). According to the ICP-MS results, Al, Cu, Mn, S and Zn indicated high concentration in water samples (Figure 3 ). Gupta () stated that spectral characteristics in the VNIR part of the EM spectrum are dominated by electronic processes in transition metals (e.g. Fe, Mn, Cu, etc.) and the electronic processes in transition Cu occur at 800 nm. This region is situated between the first (650 nm) and second (975 nm) absorption features of the water spectra. In addition, Estifanos () introduced the 996-1,163 nm region as an indicator spectral region to predict Mn in polluted mining areas by the partial least square regression (PLSR) technique. This region is also located between the second and third (1,165 nm) absorption features of the water spectra. Furthermore, the indicator spectral regions at 573-765 nm and 873-1,101 nm were presented for Zn recognition using the PLSR technique (Estifanos ) . Both regions conform to the first and second absorption features of water spectra as a result; the regression values of these two absorption features are close. Fe, which has a high concentration, shows a significant correlation with the third absorption feature. There are crystal field transitions of ferric iron at 550-650 nm and 750-950 nm as well as at 900-1,100 nm for ferrous iron (Zabcic ) . The electronic transition of ferrous iron conforms to the third absorption feature (Figure 8 ).
CONCLUSION
Results of the pH and EC measurements showed that water with low pH, high EC and high concentrations of trace elements and S was located inside the mine and water with high pH, low EC and low concentrations of the elements was situated in the influx and discharging parts of the mine. Moreover, the collected water samples in summer displayed lower pH, higher EC and dissolved metals than water samples of the winter season. Large amounts of copper and sulfur in the water samples could be related to copper mineralization in the phyllic alteration zone. Furthermore, water with low pH, high iron and sulfur concentrations was associated with the phyllic zone and this condition normally happens due to the oxidation of pyrite and producing acid mine drainage. Results of spectroscopic studies presented similar spectra for water samples that contain three absorption features in the visible-near infrared region. The second absorption feature (AF2) magnitude correlated significantly with total elements (0.822) (p < 0.05). The close correlation between the AF2 magnitude with S (0.854), Pb (0.914), Ni (0.836), Mn (0.834), Co (0.848) Figure 7 | (a) The relationship between the first absorption feature with total elements; (b) the relationship between the second absorption feature with total elements; (c) the relationship between the third absorption feature with total elements (*p < 0.05).
concentrations and third absorption feature (AF3) magnitude with Fe (0.886) concentration showed that the magnitude of the absorption feature increases when the concentration of elements increases in water. However, changes in the magnitude of the absorption feature are negligible compared to changes in the elements. Although the results show that trace elements and S concentrations, EC and pH can affect the spectral properties of water and there is a correlation between them, much effort remains to be made in other areas and more samples to verify the accurate determination and investigation of the effects of colloidal particles (e.g. FeOH and CuSO 4 ).
